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Introduction
Following the early contribution of Lillard and Willis (1978) , several studies have more recently analyzed the structure of earnings inequality over time to find out whether observed annual earnings differentials are driven by earnings differences that persist over time or rather reflect earnings instability.
1 Empirical studies for North America and several European countries, typically find that both earnings components are important to explain recent trends in earnings inequality.
The distinction between permanent and transitory earnings component is important for several reasons. It provides information to help evaluate the various arguments which have been proposed in order to explain increases in earnings inequality in anglosaxon countries. For instance, skill-biased technological change or demand shifts that benefit the highly paid would be consistent with increased earnings inequality being accounted for mostly by persistent differentials. On the contrary, large earnings instability would provide support to explanations favouring the decline of worker-firm attachment, possibly due to increased outsourcing or decreased employment protection legislation (Haider (2001) ).
From a policy perspective, the degree of persistence in individual earnings differences also tells us to what extent low earnings is a lasting or a one-off experience.
The effectiveness of policies aimed at low-income households can differ substantially depending on whether they face temporary or long-term poverty situations. Whereas earnings volatility may be targeted by correcting market imperfections, long-term inequality suggests the need for intervention aimed at increasing the long-term earnings potential of the low paid, such as active labour market policies (e.g. training programs).
This paper examines the longitudinal features of Spanish earnings inequality and provides information on the relative importance of long-term earnings inequality and earnings instability in a period with stable earnings inequality but important institutional changes in the labour market. In particular, key Employment Protection 1 Some recent contributions are Dickens (2000) , Kalwij and Alessie (2003) and Ramos (2003) for Britain; Moffitt and Gottschalk (1995, 2002) Baker (1997) and Haider (2001) for the United States; Baker and Solon (2003) for Canada; Biewen (2005) for Germany and Cappellari (2004) for Italy. Prior to these studies, and with the exception of Abowd and Card (1989) , the literature on the covariance structure of earnings jumps back to the late 1970s and early 1980s: Lillard and Willis (1978) ; Lillard and Weiss (1979); McCurdy (1982) .
Legislation (EPL) provisions were substantially changed with the aim of reducing the very large incidence of temporary employment. As a result, the share of temporary employment fell from an all time high 35% in 1995 to 32% by the end of our sample period (see Kugler, Jimeno, and Hernanz (2002) ). Over the last three decades, many European countries relied on changing EPL to combat the rise in unemployment. Because of that, many of the labour market consequences of changing EPL have attracted the attention of the profession -see the two featured numbers of the Economic Journal of June 2002 and 2007 for recent contributions. However, the often presumed positive association between lower EPL and earnings instability remains largely unexplored (but see Cappellari and Leonardi (2006) ). We also examine the relationship between temporary employment and earnings instability and investigate the extent to which changes in temporary employment are responsible for the estimated changes in earnings instability.
We decompose individual earnings into its permanent and transitory components by fitting error component models to the covariance structure of individual earnings.
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For this purpose we use the eight waves of the Spanish component of the European Community Household Panel (ECHP). Our findings suggest that earnings instability may have decreased over the period; thus increasing earnings persistence. The latter increases over the life-cycle, which implies lower instability for older cohorts, and accords with most international evidence. We also find larger earnings instability and lower long-term inequality for temporary contract workers, which suggests that the reduction in temporary employment may have contributed to the estimated fall in earnings instability over the second half of the Nineties.
The rest of the paper is structured as follows. The next section describes the data and our methodological decisions. Section 3 presents relevant evidence on earnings statics and dynamics. Section 4 contains a discussion of the error components models.
Section 5 presents our main empirical results. Section 6 examines the relationship between type of contract and earnings instability. Finally, section 7 summarizes the main findings and suggests avenues for further research.
Data and methodological decisions
The dynamic nature of the analysis requires longitudinal data. We employ the eight waves of the Spanish component of the ECHP, covering the period 1993-2000.
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As most previous studies, we analyze only males. This allows mitigating issues of endogenous female labour market participation, which may be exacerbated when analyzing earnings dynamics. In particular, the sample is restricted to full-time male employees who reported positive earnings in at least one of the eight waves. Therefore, individuals are allowed to enter the panel at any wave and to re-enter the panel if they do exit. Such a sample selection produces an unbalanced panel since not all persons are present for all eight waves. Movements into and out of the sample may be due to unemployment, retirement, mobility to or from self-employment and attrition. The use of the unbalanced panel helps mitigate the potential overestimation of earnings persistence that would arise from balanced samples in which only individuals with positive earnings in each wave contribute to estimation.
To separate life-cycle from time effects, we partition the sample into four age cohorts. 4 The youngest cohort contains males born after 1964, i.e. aged less than 31 in 1994. The middle cohorts contain those born between 1954 and 1963, and between 1944 and 1953 . The oldest cohort comprises those individuals born before 1943, so aged 50 years or more in 1994 when wave 1 takes place.
Furthermore, we select male workers aged between 21 and 60, so the chosen age range selects out the extremes of the earnings life cycle, where volatility arising just after labour market entry or before retirement may be confounded with volatility due to structural labour market changes. The final sample consists of 5,268 individuals and a total of 20,605 individual-year observations.
The earnings measure is the log of the gross annual earnings or salary, deflated 3 The ECHP is a specially conducted survey and belongs to the ever more complete set of harmonized statistical operations for European Union (EU) countries. ECHP uses fixed panel techniques for 8 annual cycles. The population scope is the private households who live in main family dwellings and the set of people who are members of the household. In the case of Spain, the geographic scope is national with the exception of Ceuta and Melilla. The collection method is personal and phone interviews. Although the ECHP questionnaires cover the period 1994-2001, our sample period is 1993-2000 because the earnings questions refer to the year prior to the interview.
4 Ideally, we would like to consider one age cohort per year of birth. However, because of the small simple size, we group individuals born in different years into the same cohort. In other words, we chose this level of disaggregation to ensure that there are sufficient observations in each cohort to make the analysis meaningful. by the consumer price index. Our strategy is to work with log-earnings as individual specific deviation from the mean. For all cohorts the covariances are positive and quite large in magnitude relative to the variances. They fall quite sharply for the first couple of lags and then appear to asymptote to a long run level at longer lags. This is consistent with the presence of a permanent individual component of earnings and a transitory component that 5 The same strategy is followed by Baker and Solon (2003) and Cappellari (2004) 6 For a detailed technical description of how to estimate covariance matrices with an unbalanced panel see the Technical Appendix in Dickens (2000) . Covariance matrices for each cohort are available from the authors.
is serially correlated. In addition, the relative magnitudes of the covariances differ across cohorts; the ratio of the longer lag covariances to the variances is smaller for the younger cohorts than for the older cohorts.
Error component models
The purpose of this section is to present some parsimonious error component models that will characterize the dynamic structure of individual earnings. Let us begin with the simplest model of all, which, despite its simplicity, provides a very intuitive insight into the matter of concern. However, since this first model overlooks several important features of the earnings dynamics, we later on discuss and employ a more general model. Let Y ict denote the log earnings in year t of the ith sample member belonging to cohort c. Then,
( 1) expresses Y ict as the cohort-specific mean µ ct in the year t plus an individual specific deviation from that mean, y ict . 7 The most rudimentary error component model is the canonical permanent-transitory model with a white-noise transitory component,
where y ict is expressed as the sum of a time-invariant earnings component α ic with population variance σ 2 α , and a time-varying transitory component v ict with variance σ 2 v . The transitory component is assumed to be serially uncorrelated, and α ic and v ict are orthogonal to each other. The covariance of earnings is determined by:
The variance of current relative earnings y ict is σ However, this rudimentary model possesses several weaknesses that renders it inappropriate for our purposes. First, several empirical studies have found evidence of persistent heterogeneity across individuals, not only in their levels of earnings, but in their growth rates.
8 Second, some earnings shocks have permanent effects, and some of the more recent literature on earnings dynamics has modelled such earnings variation with a random-walk component. 9 Third, most studies have found that the transitory component is serially correlated.
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The following specification extends the simple model in (2) and encompasses all the relevant aspects of earnings dynamics considered above:
where
The variance of individual earnings could change with age or labour market experience. Therefore, apart from allowing for permanent individual differences in the level of (log) earnings, one may also allow for different growth rates in earnings across individuals. In equation 4, a ict is the age of individual i at time t and η i is the random growth term with mean 0 and variance σ 2 η . The intercept α ic represents earnings capacity at the beginning of the working life, determined by schooling or other timeinvariant ability shifters. The growth parameter, η i , captures idiosyncratic earnings capacity related to age (or experience). For example, in a human capital framework 8 See Hause (1980) , Baker (1997) , Dickens (2000) , Moffitt and Gottschalk (2002) , Ramos (2003) , Baker and Solon (2003) , Kalwij and Alessie (2003) , Cappellari (2004) .
9 See Dickens (2000), Moffitt and Gottschalk(1995, 2002) , Ramos (2003) , Baker and Solon (2003) , Kalwij and Alessie (2003) , Cappellari (2004) .
10 Several studies fit an ARMA(1,1) -Dickens (2000), Moffitt and Gottschalk(1995, 2002) , Biewen (2005) -, while some others model it as a first-order autoregresive process, AR(1), - Baker and Solon (2003) , Ramos (2003) , Cappellari (2004) .
it may result from differential learning ability on-the-job.
11 A negative covariance between α i and η i implies that the two sources of heterogeneity offset each other, as could be the case in the presence of investments in (generic) on-the-job training (see Hause (1980) ). Alternatively, a positive σ αη implies rising permanent inequality over the life-cycle, which is consistent with schooling-matching models, where more educated workers have higher initial earnings and where in addition these grow faster as the quality of the match is revealed to employers -partly due to their higher propensity to acquire skills on the job. 11 Other theoretical frameworks, such as signalling, matching or contract theory also predict earnings heterogeneity at the start of the life cycle and during the career.
12 As Lillard and Willis (1978) express, this serial correlation term may be interpreted in a couple of ways. First, it reflects the effect of random shocks which persist longer than one year but which deteriorate in effect over time. Second, it reflects the operation of individual, unobservable variables which are serially correlated over time.
5 Empirical Results
This section presents the results of fitting the general error component models outlined in the previous section to the elements of the covariance matrix for all four cohorts pooled together (i.e. the 144 auto-covariances), and analyses the changes in the permanent and transitory components over the sample period.
The parameters of the error component models are estimated using minimum distance techniques. The parameters chosen are those that minimize the (weighted) sum of the squared distance between the covariance structure implied by the error component model and the actual covariances.
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Goodness of fit is assessed, and nested models are tested using the sum of squared residuals (henceforth SSR) weighted by the inverse of the estimated variance of residuals. Under the null of correct specification, the SSR statistic is distributed as a chi square with (Σ c (t(t + 1) − p) degrees of freedom, where Σ c is the number of cohorts (in our case 4), t is the number of waves and p is the number of parameters.
We have followed a general to specific modelling strategy where, in the case of nested models, the restrictions imposed by more parsimonious models are tested. Here we only present the models which show a better fit. The first two columns of Table 1 present parameter estimates of one of our preferred models:
This specification is similar to the model represented by equations (4), (5) and (6) in Section 4, without a random walk in the permanent component and with the time shifter of the transitory component applying only to the white noise error term. The permanent component is specified as a random growth in age and the transitory component follows an AR(1) process with cohort-based heteroscedastic initial variances,
13 For a detailed description of the statistical methodology employed to estimate the models see Abowd and Card (1989) , Dickens (2000) , Cappellari (2004) . Following Altonji and Segal (1996) , we use the identity matrix as a weighting matrix.
and time-and cohort-specific loading factors on both components. The model is very similar to Cappellari (2004) 's model for the case of Italy.
The estimated coefficients for the long-term earnings component indicate that both time-invariant and age-related heterogeneity matter for the formation of long-term earnings differentials. The estimates of σ 2 α and σ 2 η in the first two rows, capture the individual heterogeneity in the intercept and slope of the age-earnings profile. Our estimate of σ 2 η implies that a worker with an earnings growth rate one standard deviation above the mean accumulates a 15% earnings advantage in ten years.
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The negative estimate of σ αη indicates a trade-off between initial earnings and subsequent earnings growth; that is, consistent with the on-the-job-training hypothesis, individual age-earnings profiles seem to cross at relatively early stages of the working career. This is also the evidence found in several previous studies.
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The estimates of the time-specific loading factors on the permanent component, p t , are typically close to 1. However, the time shifters tend to reproduce the inverted u-shape trend characterizing cross-sectional differentials. First increase with respect to 1994, then decrease sharply in the recovery of the Spanish economy until 1999 where the coefficient remains rather constant and close to 1 again.
16 This suggests that the persistent component plays an important role in explaining the rather stable earnings inequality over the sample period.
The estimated cohort-specific loading factors, g cohort , indicate that the persistent component increases over the life-cycle, but for the oldest cohort.
The second panel of Table 1 reports the estimated parameters for the transitory component. The estimates of the initial variances, which capture the accumulation of the transitory process up to the start of the sample period for each cohort, show that they are most important for the older cohorts (with the exception of the oldest cohort, for which the t-ratio is rather low). Thus, initial variances contribute to the cohort-related heteroscedasticity in the transitory component.
The rather small serial correlation parameter estimate (ρ = 0, 58) implies that the effect of random shocks dies out very quickly, becoming negligible after five years: only 14 The estimate of σ 2 η is 0.0002 so, √ 0.0002 = 0.01414 → 1.01414 10 = 15.07%. 15 Lillard and Weiss (1979) , Hause (1980) , Baker (1997) and Ramos (2003) . But see Cappellari (2004) for the opposite result.
16 For identification, p t for 1993 (wave 1), λ t for 1993 and 1994, and g cohort and s cohort for the youngest cohorts are all set to 1.
6.8 percent of a shock to the transitory component is still present after five years.
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Not surprisingly, the time-specific loading factors on the transitory innovation display a much larger variation than the corresponding loading factors for the persistent component. They help accommodate the movements observed in actual variances: their relative decline for 1996 and for the last three years of the sample closely follows the trend of the observed variance.
Finally, the estimated cohort-specific loading factors on the transitory component, s cohort... , are smaller than 1 and they decrease very rapidly as older cohorts are considered, indicating that earnings volatility tends to be larger for younger cohorts. This confirms a pattern already emerged in section 3, where covariances were found to be lower for younger cohorts.
The parameter estimates can be used to predict the permanent and transitory components, thereby providing insights into the extent to which changes in the distribution of life-time earnings and transitory fluctuations contribute to the evolution of cross-sectional differentials. Figure 2 presents the actual and predicted variances of log-earnings by cohort. Permanent and transitory components are predicted setting transitory and permanent weights, respectively, to their 1993 values. It is worth noting that this model is able to reproduce very closely the evolution of the observed variance for each cohort over the sample period.
Earnings inequality -as measured by the actual variance-declines over the sample period for all cohorts except for the oldest one. This trend is mostly accounted for by the evolution of the transitory component. Such reduction in earnings instability is likely to be related to the countervailing labour market reforms of 1994 and 1997, which granted more stability to temporary employment contracts, and to the subsequent decline in temporary employment. A closer look by cohorts reveals that transitory differences account for most of the earnings dispersion only for the youngest one, which is consistent with the disproportionate incidence that temporary employment has on younger workers. 18 As the age group that suffers most from temporary employment, the observed large fall in overall earnings dispersion -the largest of all cohorts-may perfectly be a reflection of the decline in the transitory component (see Figure 3 ) -Section 6 addresses this issue by employing an extension of the model, which takes account of the type of contract.
Long-term inequality appears to be at higher levels for older cohorts relative to younger ones, which is consistent with the evidence of life cycle earnings divergence provided earlier. In addition, the incidence of long-term variance on overall inequality tends to be larger the older the cohort considered, reflecting lower volatility.
Our results are similar to those in Baker and Solon (2003) , who find that the persistent component has played at least a somewhat larger role in Canada. For
Italy, Cappellari (2004) The models used in previous studies typically impose zero restrictions on the time 18 As many as 57.22% hold temporary contracts in the youngest cohort. This figure is 25.5%, 18.3% and 17.5% for the second, third and oldest cohort respectively. and cohort loading factors used in our model. Therefore, Table 2 shows Wald test statistics on these restrictions and reveals that such restrictions are untenable in our case. Finally, a plausible extension of our model is to supplement the autoregressive process already incorporated into the transitory component with a low degree moving average process. In terms of our estimated model, this implies replacing the AR (1) specification of equation 8 with the following ARMA(1,1) one:
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with ε it ∼ (0, σ
The estimates of this full extended model suffered from some identification problems.
19 Consequently, we have restricted the initial conditions to be equal across cohorts. The results of this model are provided in the last two columns of Table 1 .
The first thing to note is that the data reject the null of θ = 0 (χ 2 = 15.68 and one degree of freedom). Notwithstanding this, the new ARMA specification has very little effect on the other parameter estimates -with the notable exception of ρ, which decreases to 0.27-or on the decomposition of earnings inequality into its persistent and transitory components. The coefficients of the transitory ARMA(1,1) component are all significant, with a not very persistent AR parameter, ρ. Thus, the effect of a transitory shock to earnings would decline very quickly over time, with only 1% of the shock still present after 3 years. The negative MA component (-0.14) implies that the auto-covariances decline sharply over the first period.
In sum, all three models in Table 1 provide a good fit, have similar SSR and yield similar predicted permanent and transitory components.
The effect of temporary contracts on earnings instability
Fixed-term or temporary contracts spread in many European countries in the Nineties as a result of changing labour market legislation (Boeri and Garibaldi (2007), Kahn (2007) ), but nowhere are they as prevalent as in Spain -where temporary employment accounts for about one third of total employment.
Fixed-term or temporary employment is characterized by short job tenure and more frequent job changes (Booth, Francesconi, and Frank (2002) and Dolado, GarcaSerrano, and Jimeno (2002) ). Previous evidence suggests that these two features are likely to influence earnings instability: Voluntary and involuntary (i.e. displacement) job changes are found to affect the transitory variance of earnings (Leonardi (2003) ,
Huff-Stevens (2001)), while Cappellari and Leonardi (2006) find a negative relationship between tenure and instability.
A large literature has studied the effect of fixed-term contracts on employment, unemployment, and job flows (Kugler, Jimeno, and Hernanz (2002) , Messina and Vallanti (2007) ) but not much attention has been devoted to their effect on earnings instability -Cappellari and Leonardi (2006) being a notable exception. Yet, the earnings instability associated with fixed-term contracts is one of the main concerns among policy makers.
Earnings instability that results from temporary employment is also relevant as it determines individual behaviour and economic wellbeing. As long as earnings instability translates into uncertainty, the evolution of temporary employment explains also many important decisions such as emancipation or fertility (Ahn and Mira (2001) ).
The previous section shows that earnings instability falls over the second half of the Nineties, and that such decrease is especially notable for the youngest cohort. At the same time, the share of temporary employment experienced the largest (relative) fall since the 1984 labour market reform, which triggered the sharp increase in temporary employment over the following decade. For our sample period, Figure 4 shows that the share of temporary employment. The evolution parallels the trend of the estimated transitory component (see Figure 2 ), which suggests a direct relationship between temporary employment and earnings instability.
This section explores this relationship further, and investigates whether and the extent to which the reduction in temporary employment is responsible for the reduced volatility of earnings. In particular, we estimate how much more unstable the earnings of workers on fixed-term contract are relative to those on permanent contract by modelling the effect of fixed-term contracts on the transitory and permanent components of earnings, as in Cappellari and Leonardi (2006) .
To investigate the effects of temporary employment we use a stripped-down version of our preferred model (equations 7 and 8) -basically, dispensing with the random growth term-,
and express the innovations to the permanent and transitory components as a function of the proportion of individuals on fixed-term contract
where f ict indicates whether individual i from cohort c is on a fixed-term contract in period t. Table 3 shows the results of the estimation. The negative fixed-term contract coefficient (γ = −0.778) in the permanent component indicates that workers on temporary The larger instability faced by temporary workers can be clearly illustrated by comparing the predicted average transitory variance in a given year by contract type.
To build such predictions we make use of the estimates of Table 3 , and consider two comparison scenarios: individuals on fixed-term contract with probability given by the share of temporary employment in their cohort in a given year, and individuals who have always been on fixed-term contracts, i.e. with probability one. We show the results of this counterfactual exercise in Table 4 broken down by cohort for the year 2000. The predicted value of the transitory variance of earnings is larger for individuals on temporary contract than for those on permanent contract, and the difference increases as we move towards the younger cohorts. Temporary contract workers can expect earnings instability which is twice as large as that for permanent workers. However, such differential is much larger for workers on temporary contracts for their entire working life, as they can expect earnings instability 5 to 6 times higher than that for workers on permanent contract. The last value changes little across cohorts.
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Thus, beyond the well documented effect of temporary contract on earnings levels (Booth, Francesconi, and Frank (2002) , Davia and Hernanz (2004) ) and wage growth (Amuedo-Dorantes and Serrano-Padial (2007)), our results show that the type of contract determines the dynamics of earnings, and that temporary contracts are responsible for higher earnings instability.
Final remarks
In this paper we examine whether recent earnings inequality trends in Spain were driven by changing long-term earnings inequality or were related to changes in earnings instability. Our findings suggest that the observed decline in earnings dispersion was mostly due to a fall in earnings instability. Over the course of the analyzed period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , earnings dispersion became more persistent and much less transitory. We also show that relative earnings persistence increases over the life-cycle, which implies lower instability for older cohorts. That is, earnings instability seems to fall over the the variance of workers on temporary contracts for life. 21 Our results are very much in line with those obtained by Cappellari and Leonardi (2006) for Italy.
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life cycle, being especially high for younger age groups. Our findings are in line with previous findings for some European and North American countries.
The excessively large share of temporary employment is one of the most salient features of the Spanish labour market since the mid-Eighties. Over the second half of the Nineties, several labour market reforms substantially changed important employment protection provisions and lowered payroll taxes. As a result, temporary employment experienced the largest fall since the sudden increase that followed the 1984 reform -which pushed temporary employment to account for over 30% of overall employment over the subsequent two decades. Our results suggest that the decline in temporary employment is responsible for the fall in earnings instability, which in turn accounts for most of the declining earnings inequality trend.
